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Introduction
With recent progress in hepatobiliary surgery, the importance of the caudate lobe in the human liver has been increasingly recognized, and anatomical peculiarities of the caudate lobe and procedures used for caudate resection have been reported [1] [2] [3] . Topographical nomenclature used for hepatic segments in the United States was proposed by Healey and Schroy [4] , while nomenclature used in Europe was proposed by Couinaud [5] . In Japan, Couinaud's liver segmentation was introduced by Hasegawa, and this nomenclature is widely used in the field of liver surgery. However, investigators disagree on the extent and borders of the caudate lobe because Couinaud has not clearly defined the boundary of the caudate lobe.
Thus, we investigated the definition, extent, and clinical significance of the caudate lobe in the human liver using corrosion liver casts. The significance of the caudate lobe in radical liver surgery for a hilar malignancy has also been explored in this study from the standpoint of its clinical application.
Methods and Subjects
Corrosion liver casts were prepared by injecting colored silicone rubber into the portal vein (blue), hepatic artery (red), bile duct (yellow), and hepatic vein (black) of autopsied livers, followed by removal of the hepatic parenchyma. Detailed accounts of the procedure have been given elsewhere by the present author [6, 7] .
The casting injection material used in the present series ( n = 23) was silicone rubber ( n = 15), polyester resin ( n = 5), and acrylic resin ( n = 3). Particular caution was exercised to ensure the accuracy of the procedure, especially when observing the caudate lobe branches above the inferior vena cava. To be more accurate, the peripheral branches were severed and removed as needed to enable observation of the branches from the diaphragmatic or cephalad side, because the branches around the inferior vena cava may not be adequately observed from the liver surface. This made it feasible to directly and macroscopically observe the courses of the primary right and left ramifications of the portal vein from multiple directions, thereby limiting the possibility of errors ( Fig. 1 , 2 ) .
Results
In the present 23-case series, the primary ramification of the portal vein was a bifurcation type in 17 of the livers studied (73.9%), a trifurcation type in 2 of the livers studied (8.7%), and a right posterior-independent branch type in 4 of the livers studied (17.4%). The right posterior-independent branch type was described by Kinoshita et al. [8] . Unlike the usual branch types, in the right posterior-independent branch type, the right posterior portal branch directly branches out from the main trunk, and the caudate portal branch frequently branches out from the right posterior portal branch.
There were usually 5 (47.9%; range 3-6) portal venous branches in the caudate lobe, and there was a mean of 4.35 caudate portal venous branches. There was a mean of 3.8 biliary branches in the caudate lobe (range, 2-6), with 3 biliary branches in 39.1% of the livers studied and 4 biliary branches in 34.6% of the livers studied ( Table 1 ) .
The caudate lobe is generally and incorrectly thought to be composed of the caudate process and the portion protruding toward the left of the inferior vena cava (i.e., the Spiegel lobe). However, the present study showed that there is an important caudate portal branch on the ventral side of the hepatic inferior vena cava. To clarify the definition and extent of the caudate lobe, the present study partitioned the caudate lobe as follows: (1) Spiegel lobe; (2) ( Fig. 3 , 4 ) .
Spiegel Lobe
There was 1 portal venous branch distributed in the Spiegel lobe in 1 liver, 2 in 12 livers, 3 in 7 livers, and 4 in 3 livers. In 6 of these 23 livers, the portal venous branches were derived from the common trunk with paracaval portal venous branches described below. There was a mean of 2.52 branches that were considered to be portal venous branches in the Spiegel lobe.
The site of the portal venous branch ramifications that are distributed in the Spiegel lobe was then examined. The portal venous branches were most frequently ramified from the left portal vein (transverse portion) in 14 livers (60.9%). They were ramified from both the transverse portion and the main portal trunk in 6 livers (26.1%), from both the transverse portion and the right portal vein in 2 livers (8.7%), and from the transverse portion, the main portal trunk and the right portal vein in 1 liver (4.3%) ( Table 2 , left). In the portal vein bifurcation type, the Spiegel lobe portal venous branches were most frequently ramified from the transverse portion for 12 (70.6%) of the 17 livers, whereas for the independent right posterior branch type, the Spiegel lobe branches were ramified from the main portal trunk after branching off the right posterior portal vein.
We then explored whether the biliary branches distributed in the Spiegel lobe might belong to the left or right biliary tract. Biliary branches only into the left biliary tract were observed in 11 livers (47.9%), into the right and left biliary tracts in 8 livers (34.8%), and into the right biliary tract only in 3 livers (13.0%); the site was unclear in 1 liver (4.3%) ( Table 2 , right).
There were 41 biliary branches confirmed in the Spiegel lobe in 22 livers, except in livers that were unassessable, and thus, there was an average of 1.86 biliary branches per liver. Of these 41 biliary branches, 16 (38.9 %) biliary branches drained into the left bile duct, 9 
Paracaval Portion
Portal venous branches derived from the main portal trunk and cranial aspects of the right and left portal veins that connect primarily to the ventral side of the inferior vena cava were defined as paracaval branches and investigated. The portal venous branches that ramified from the contralateral side of the segment 5 portal vein root and distributed in the territory surrounded by the roots of the right and middle hepatic veins were defined as the portal branches of segment 8 (medial branches, PV 8 c) [9] , rather than as paracaval branches. Additionally, in the independent right posterior branch type, the ramification of the caudate portal venous branches is different from that of other types, and each branch designation is different. There were only 4 livers that showed this type. Therefore, the caudate branches in this type are further discussed below in the Discussion section.
The number of portal venous branches in the paracaval portion was examined in 19 livers after excluding the livers with the independent right posterior branch type. branches from the right portal vein. One branch mainly distributed in the Spiegel lobe, while the remaining branch supplied a limited territory in the paracaval portion. Small portal venous branches in livers No. 7 and 25 were excluded from the present investigation. In liver No. 23, an unexpectedly large portal venous branch extended dorsally from the right portal vein beyond the right hepatic vein, but it was determined that this was a right posterior portal vein.
After excluding aberrant branching and small branches, 19 portal venous branches were identified in 19 livers, and these were defined as paracaval venous branches and subjected to the following assessment. The roots of the paracaval branches were on the left portal vein (transverse portion) in 14 livers (73.7%) and on the right portal vein in 5 livers (26.3%; Table 3 ). There were 6 livers in which the paracaval branches formed a common trunk with the Spiegel lobe branches.
To determine the extent of area supplied by the paracaval branch, these 19 livers were classified into the following 3 categories: (1) the paracaval branch reaching the liver surface beneath the diaphragm; (2) the paracaval branch distributed on the anterior aspect of the inferior vena cava and the dorsal aspect of the root of the major hepatic veins, but not reaching the liver surface; or (3) the paracaval branch supplying a small region. There were 10 livers (52.6%) in category 1, six livers (31.6%) in category 2, and 3 livers (15.8%) in category 3. In summary, the paracaval branch reached the liver surface beneath to the diaphragm in most of the livers.
We then assessed the biliary branches of the paracaval portion. First, we examined whether the biliary branches might belong to the left or right biliary tract. The paracaval biliary branches joined the left biliary tract in 10 (52.6%) of 19 livers, and they joined the right biliary tract in 9 livers (47.4%). In liver No. 6, two paracaval biliary branches coursed along the portal venous branch, ramifying from the transverse portion and draining into the right and left biliary tract, respectively. However, they were classified into the right biliary tract because the branch that drained into the right biliary tract was dominant ( Table 3 ) . Further investigation revealed that the paracaval biliary branches drained into the left bile duct in 9 livers (47.4%) and into bile duct segment 2 in 1 liver (5.2%). In addition, the paracaval biliary branches drained into the right posterior bile duct in 5 livers (26.3%), into the right bile duct in 3 livers (15.8%), and into the right anterior bile duct in 1 liver (5.2%).
The relationship between the portal venous branches and the biliary branches of the paracaval portion is summarized in Table 3 . The paracaval portal venous branches bifurcated frequently from the transverse portion (73.7%), while the paracaval biliary branches drained into the right and left biliary tracts with similar frequency (right, 47.4%; left, 52.6%).
Caudate Process Portion
The caudate process portion is defined as the liver parenchyma surrounded by the main portal vein trunk and the right portal vein (ventral border), inferior vena cava (dorsal border), the Spiegel lobe (left border), and the right posterior section (right border). This region was considered to correspond to the caudate process that was described by Healey and Couinaud.
There was no portal venous branch in the caudate process portion in 4 livers, and there was 1 branch in 13 livers, 2 branches in 5 livers, and 3 branches in 1 liver. There was an average of 1.13 branches per liver. The portal venous branches in the Spiegel lobe partly distributed in the caudate process portion in 13 livers (56.5%). In livers without caudate process branches, the portal venous branches from the Spiegel lobe or paracaval portion form the caudate process portion. The portal venous branches of the caudate process portion were a Early ramificating type of the right posterior branch illustrated in Table 2 . Table 4 . The site of bifurcation of the portal and biliary branches: the caudate process portion derived from the main portal trunk in 5 livers, from the right portal vein in 11 livers, and from the right posterior portal vein in 3 livers, which were associated with the independent right posterior branch type ( Table 4 , left).
The biliary branches of the caudate process portion joined the right biliary tract in 19 livers, excluding 4 livers where it was unclear. The right biliary branches joined the right posterior bile duct in 16 livers (84.2%), and the right bile duct in 3 livers (15.8%; Table 4 , right).
Discussion
The caudate lobe is supplied by both the right and left portal veins and biliary tract. Therefore, it is considered important in hepatectomy and hilar cholangiocarcinoma surgery, although the parenchymal volume is small. Anatomical studies on the vascular systems of the caudate lobe have been reported [4, 5, 10, 11] . However, a precise definition of the caudate lobe is unclear, and the clinical significance of this lobe has not been fully investigated.
Hjortsjö [10] , Healey and Schroy [4] , and Couinaud [5] , the pioneers of the concept of hepatic segmentation, considered that the caudate lobe was composed of the caudate lobe and caudate process, although they differed somewhat in the terminology used. It is unclear from their descriptions, however, how much of the liver the caudate lobe included. For example, it is difficult to judge from Healey and Schroy's description and schematic illustration of the right portion of the caudate lobe, the exact extent of the liver that was included in this area. There is also no description of the positional relationship to the hepatic vein and inferior vena cava. Couinaud did not examine the border between the caudate lobe and the right liver (i.e., the right border and cranial extension of the caudate lobe) [Couinaud, pers. commun., 1984] .
To clarify the extent of the caudate lobe, therefore, we classified the caudate lobe into the following three portions: (1) the Spiegel lobe; (2) the paracaval portion; and (3) the caudate process portion. We then used corrosion liver casts to investigate the portal venous branches and biliary branches that are distributed in these 3 portions.
The extent of the caudate lobe can be recognized based on this caudate lobe classification. The Spiegel lobe is situated on the left side of the inferior vena cava, dorsal to the lesser omentum and the Arantius duct. Thus, the Spiegel lobe can be recognized from the liver surface. The caudate process represents the portion that continues from the Spiegel lobe to the parenchyma of the right posterior section behind the main portal trunk and the right portal vein. There is no consensus on the extent of the caudate lobe. Based on the present investigation, we concluded that the ramification type of the left and right portal veins should be taken into consideration. Based on the corrosion liver casts, the portal venous branches ramifying dorsally from the main portal trunk and the right portal vein should be defined as the caudate process branches if the usual branching types (the bifurcation type and the trifurcation type) are present, while in the independent right posterior branch type [8] , the caudate process branches should be defined differently. Thus, the border between the caudate process and the right liver eventually shifts to the right or left depending on the patient, which does not make sense clinically. However, it is reasonable to define the border between the caudate process and the right liver as described above, considering that there are noticeable interindividual differences in the size of the caudate process, the biliary branch distributed in the caudate process drains into the right biliary tract, the portal vein ramifies from the right portal vein or the main portal trunk, and the caudate process branch is easily identifiable intraoperatively and the resection of the caudate process portion is not technically demanding.
The paracaval portion represents the liver parenchyma that lies between the Spiegel lobe and the right liver on the ventral side of the inferior vena cava, and it is in contact ventrally with the middle hepatic vein. The extent of this region to the right and the cranial side (diaphragmatic side) varies in individual patients, projecting to the right beyond the right margin of the inferior vena cava and reaching the liver surface directly beneath the cranial part of the diaphragm in patients with well-developed paracaval branches. In patients with small paracaval branches, however, the right border of the paracaval portion was nearly on the median line of the inferior vena cava because the right anterior superior medial portal vein (PV 8 c) [9] and/or the branch that ramified from the right posterior portal vein was large. From the surgical point of view, it would be useful to classify the caudate lobe into 3 portions. Resection of the Spiegel lobe and caudate process is not technically demanding, but the portal veins and bile ducts in the paracaval portion have not been detailed in previously published textbooks and atlases. These details are not fully recognized by clinicians. Therefore, it is difficult to judge whether the paracaval portion identified here is included in the resected area or not, even though concomitant resection of the caudate lobe is described in the literature.
This study shows that the paracaval branch reaches the liver surface beneath the diaphragm in most livers. After conventional right or left hemihepatectomy, the paracaval portion remains unresected, and it is difficult to resect the caudate lobe completely. Thus, it is necessary to perform a right or left trisectionectomy to completely resect the caudate lobe including the paracaval portion. For hilar malignant neoplasms where the type of spread and the extent of invasion are the most important, the paracaval portion need not be totally resected when sufficient surgical margins can be secured. However, the paracaval biliary branches drain into the right and left biliary tracts at the same frequency, and they may occasionally be confluent at a site close to the bifurcation of the right and left hepatic ducts. Therefore, it is important to determine the extent of surgical resection by fully taking into account the extent of invasion to the biliary branches, including the branches of the paracaval portion, while performing surgery for hilar malignant neoplasms.
Conclusion
To clarify the definition and extent of the caudate lobe, in the study, we assessed the portal venous branches and biliary branches using corrosion liver casts to classify the caudate lobe into the following areas: (1) the Spiegel lobe; (2) the paracaval portion; and (3) the caudate process portion.
Our findings showed that the paracaval portion of the liver is most important for clarifying the extent of the caudate lobe. Although the clinical impact of complete resection of the paracaval portion branches seems limited, these branches may supply a large area in some patients. Therefore, it is important for surgeons to fully recognize and pay attention to the paracaval portion.
